I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Anterior cruciate ligament (ACL) injuries commonly affect the athletic patient, resulting in instability and impaired function. Articular cartilage injury to the knee may occur with ACL injuries in the acute setting, with incidence of 16--46%,[@ref1][@ref2] and in chronic ACL deficient knees.[@ref3] The presence of articular cartilage damage can impact on the outcome from ACL reconstruction, with the suggestion that it is a predictor of failure.[@ref4][@ref5] Inadequately managed osteochondral defects predispose individuals to pain and early onset osteoarthritis of the joint.[@ref6][@ref7]

Patients with ACL deficient knees have an altered region of load bearing on the articular surface due to a shift in the tibiofemoral biomechanics.[@ref8] The transmitted axial load through the articular cartilage and subchondral bone can culminate in the formation of chondral lesions.[@ref9][@ref10][@ref11] At present, instability of the knee joint, after ACL injury, is a contraindication to osteochondral lesion repair.

Areas of articular cartilage damaged will repair without intervention, forming fibrocartilage rather than the original hyaline cartilage, with its inherent inferior mechanical properties.[@ref12] Reported management options for osteochondral defects include physiotherapy, fibrocartilage forming (marrow stimulating) techniques such as debridement and curettage; bone drilling; abrasion chondroplasty; and microfracture. Articular cartilage autografting (such as mosaicplasty), and autologous chondrocyte implantation (ACI) are techniques aimed at hyaline cartilage repair.[@ref12][@ref13][@ref14][@ref15][@ref16] Bentley *et al*.[@ref17] have reported favorable outcomes of ACI over mosaicplasty for the repair of osteochondral lesions. Evolution of ACI techniques has led to the use of an inert porcine type I/III collagen membrane sutured to the chondral defect (ACI-C), with the cultured chondrocyte cells injected below the seal.[@ref17][@ref18][@ref19][@ref20][@ref21] With matrix assisted autologous chondrocyte implantation (MACI), a porcine type I/III collagen bilayer is seeded with the cultured chondrocyte cells, which is then glued to the chondral defect using a fibrin sealant.[@ref22][@ref23]

This prospective study is to investigate the affect of correction of instability (ACL injury) on outcome of ACI procedures and to evaluate the results of a combined ACL reconstruction with ACI procedure.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Three independent groups of patients with previous ACL injuries who underwent ACI-C or MACI at our institution were identified and prospectively followed up. The first group had ACI in combination with ACL reconstruction (combined group); the 2^nd^ group had an ACI procedure having previously had a successful ACL reconstruction (ACL first group); and the third group included had an ACI procedure for a chondral or osteochondral lesion to a clinically stable knee with documented ACL injury in the past, but had no reconstruction (no ACL group).

Combined group {#sec2-1}
--------------

Twenty two patients (14 male and eight female) who had combined ACL reconstruction with ACI, with an average age at the time of surgery of 32.2 years (range 20--45 years). Hamstring autograft[@ref15] or bone-patella tendon-bone autograft (BPB) (seven) was used for the ACL reconstruction and MACI (19) or ACI-C (three) for ACI. Previous surgical procedures to these knees included medial menisectomy;[@ref10] lateral menisectomy (three); screw fixation for osteochondral fragments (two); drilling of chondral lesions (two); previous ACL reconstruction (two) and osteochondral allograft to a chondral lesion (one). The mean area of defect was 300 mm^2^ (range 225--600 mm^2^) involving the medial femoral condyle,[@ref16] lateral femoral condyle (three), patella (two) and with one patient having no documentation of site or defect size. Followup was for an average of 63 months (range 8--112 months).

Anterior cruciate ligament first group {#sec2-2}
--------------------------------------

Twenty five patients (20 males and 5 females) who had previous ACL reconstruction using hamstring autograft,[@ref16] BPB (six) and synthetic graft (three) that underwent ACI for a chondral lesion. The average time from ACL reconstruction to the 2^nd^ stage of ACI was 74.04 months (range 12--156 months). Mean age at time of 2^nd^ stage procedure was 35.94 years (range 27--48 years), with 14 patients undergoing MACI and 11 had ACI-C. One patient had no documentation for the site and size of chondral defect. The average area of defect was 300 mm^2^ (range 212--465 mm^2^) involving the medial femoral condyle,[@ref15] trochlea (four), patella (three), lateral femoral condyle (one) and multi site defect (one). Previous surgical procedures in the knees included medial menisectomy (eight); lateral menisectomy (three); drilling of chondral defect (three); microfracture (two); ACI (two) and open reduction with internal fixation of medial femoral condyle fracture (one). Followup was an average of 64.24 months (range 11--102 months).

No anterior cruciate ligament group {#sec2-3}
-----------------------------------

Twelve patients (10 male and two female) who underwent an ACI procedure to a knee that was felt to be stable, although there had been a previous nonreconstructed ACL injury. Eight of these patients had partial disruption and four of these had no laxity of the ACL. These patients presented with pain however their knee was felt stable on clinical examination and assessed further at first stage arthroscopy.

The Lachman test was utilized to assess the ACL in all 12, with three knees being graded as 0, seven as 1 and two as 2. Previous surgical procedures to these knees included; medial menisectomy (four); drilling to chondral defect (two); open reduction and internal fixation for proximal tibia and fibula fracture (one); lateral soft tissue release (one) and osteochondral allograft to a chondral lesion (one). The average age at time of 2^nd^ stage procedure was 33.45 years (range 20--47 years), with seven patients undergoing MACI and five having ACI-C. The mean defect size was 225 mm^2^ (range 150--500 mm^2^), involving the medial femoral condyle (five), trochlea (three), lateral femoral condyle (two), patella (one) and multi site defects (one). There was one patient for whom we had no documentation for the size of the defect. Followup was for an average of 78.33 months (range 12--139 months).

There was another subset (complete rupture) within this group that was investigated separately; these patients were clinically stable although there was documented evidence of complete ACL rupture. There were four patients (three male and one female) with a mean age of 37.45 years, with two undergoing ACI-C and two having a MACI procedure. Three patients had a Lachman grade of 1+ and one was assessed as grade 2+, with average defect size of 524 mm^2^ (range 300--660 mm^2^) and the medial femoral condyle and patella were affected equally.

The diagnosis and treatment plan was formulated following clinical review, plain radiographs, MRI and arthroscopy. The Kellegren--Lawrence grading system was used[@ref24] to assess degenerative changes on plain radiographs and the MRI findings were used to confirm this assessment. Prior to surgery the patients completed the modified Cincinnati (MC) rating system questionnaire,[@ref25] the Meister *et al*. functional rating (BF) system[@ref26] and a visual analog scale (VAS).

Operative procedure {#sec2-4}
-------------------

Each patient underwent a two stage procedure; an initial arthroscopy to assess the chondral lesion for suitability for ACI and if suitable a biopsy of nonweight bearing articular cartilage was harvested from the trochlea margin and sent for cell culturing. All the patients in the ACL first and No ACL group had stable knees on examination under anaesthesia. Postoperative management was routine for arthroscopy.

The 2^nd^ stage was performed 4--6 weeks later, after satisfactory cell culture, in all patients. In patients in the combined group, the ACL reconstruction was performed prior to ACI. The ACI procedure was performed through either a medial or lateral arthrotomy incision, depending on site of lesion and the defect prepared before implantation. With ACI-C a template sized piece of porcine type I/III collagen membrane was sutured (using 6/0 vicryl) to the margins of the defect and a watertight seal ensured with the use of fibrin glue to the margins. This seal was checked by injecting a saline solution below the membrane, looking for leaks, prior to the cultured cells being injected below the membrane, and the final suture and glue applied to the membrane cartilage junction.[@ref19] With MACI the chondrocyte cell seeded type I/III collagen bilayer membrane was cut to size to fit the defect and secured with fibrin glue.[@ref22][@ref27] The wound was closed in layers using nonabsorbable sutures, with wool and crepe pressure bandaging applied.

Rehabilitation {#sec2-5}
--------------

The patients in the ACL first and No ACL groups were placed in plaster-of-Paris backslab for 24 h, with rest and elevation advice, as well as foot and ankle exercise encouragement. After 24 h full weight bearing was allowed. The knee was placed in a lightweight cylinder cast in full extension at 48 h, which was removed on the 10^th^ day postoperatively. The patients were progressively mobilized with daily physiotherapy for 2 weeks, after which more strenuous, low-impact activities were permitted. By 6 months light jogging was allowed and strenuous sports at 12 months if the knee was painless.

For patients undergoing the combined procedures, no range of movement exercises were permitted and the patients were placed in a hinged knee brace at 48 h postoperatively, for up to 4 weeks. From 28 h, they were progressively mobilized with regular physiotherapy to work on strength, core stability, proprioception and mobility. Closed channel active range of movement exercises were commenced after 1-week as symptoms allowed, but no open kinetic quadriceps work was started until 12 weeks. From 6 weeks controlled active range of movement, strengthening of muscles stabilizing the knee and core stability work was started. At 12 weeks, a full range of movement was achieved and exercises progressed from static to dynamic as tolerated. By 9 months patients returned to sport-specific activities, such as low-impact jogging in the gym and swimming and return to normal sports were achieved after 1-year.

Patients were reviewed at 6 weeks, 6 months, 1-year and then annually to assess them clinically. At these times, they were also asked to complete the MC questionnaire, BF and VAS score systems for postoperative evaluation. The patients also graded their outcome as better, same or worse.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Patients in the three groups had varying baseline characteristics and scores for BF, VAS and MC preoperatively \[[Table 1](#T1){ref-type="table"}\]. Analysis was adjusted for these known variables.

###### 

Clinical details of three groups

![](IJOrtho-49-155-g001)

At final followup, 16 (72.73%) patients in the combined group reported their outcome as better, with six patients (27.27%) reporting the symptoms as the same as the preoperative level. All the knees in this group were found to be clinically stable on examination at final followup. In the ACL first group the outcome was better in 15 cases (60%), the same in six cases (24%) and worse in four (16%). The 12 patients in the No ACL group reported the outcome as better in 10 instances (83.33%) and the same in two patients (16.67%). This is in contrast to the complete rupture group; with 2 (50%) reporting a worse outcome and 2 (50%) reporting the outcome to be the same \[[Table 2](#T2){ref-type="table"}\].

###### 

Functional scores and subjective outcome
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The mean change in BF from baseline was largest for the No ACL group \[[Figure 1](#F1){ref-type="fig"}\]. There was a significant association between the procedure and BF (*P* = 0.004) \[[Table 3](#T3){ref-type="table"}\]. In comparison to the ACL first group, the No ACL group had significantly lower postoperative BF (*P* = 0.001), while comparison with the combined group was not significantly different (*P* = 0.251). Multiple linear regression analysis of procedure demonstrated similar association \[[Table 4](#T4){ref-type="table"}\].

![Bar diagram demonstrating mean change in Bentley functional score](IJOrtho-49-155-g003){#F1}

###### 

Linear regression model
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###### 

Multiple linear regression analysis of procedure, with the postoperative Bentley score as the dependent variable
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When considering the MC score, the largest change from baseline was observed in the No ACL group, while the least change was in the ACL first group \[[Figure 2](#F2){ref-type="fig"}\]. A significant association between the procedure and MC score was observed (*P* = 0.036), with the No ACL group having significantly higher postoperative MC scores (*P* = 0.018) compared with the ACL first group \[[Table 3](#T3){ref-type="table"}\]. Patients in the combined group also had significantly better MC in comparison with the ACL first group (*P* = 0.049). With multiple linear regression analysis, comparison of the postoperative MC in the combined and ACL first groups were found not to be significant (*P* = 0.113) \[[Table 5](#T5){ref-type="table"}\].

![Bar diagram demonstrating mean change in modified Cincinnati score](IJOrtho-49-155-g006){#F2}

###### 

Multiple linear regression analysis of procedure, with postoperative MC rating score as the dependent variable
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The ACL first group also demonstrated the smallest mean change in VAS from baseline, with the largest change seen in the No ACL group \[[Figure 3](#F3){ref-type="fig"}\]. The No ACL group had marginally significant lower VAS than the ACL first patients (*P* = 0.051) \[[Table 3](#T3){ref-type="table"}\]. Comparing the combined group with the ACL first group failed to show a significant difference in VAS (*P* = 0.409). This was confirmed by multiple linear regression analysis of procedure \[[Table 6](#T6){ref-type="table"}\].

![Bar diagram demonstrating mean change in visual analogue scale](IJOrtho-49-155-g008){#F3}

###### 

Multiple linear regression analysis of procedure, with postoperative VAS as the dependent variable
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In the combined group, there was no significant difference in clinical outcome scores, nor mean change in outcome scores, between individuals treated with ACI-C and those treated with MACI. Multiple linear regression analysis demonstrated that whether ACI-C or MACI had been performed had no significant affect on BF (*P* = 0.197), and neither was the use of hamstring or BPB graft (*P* = 0.088), as well as reporting the significance of OA grade (*P* = 0.038), followup time (*P* = 0.025) and size of defect (*P* \< 0.001) in the combined group \[[Table 7](#T7){ref-type="table"}\].

###### 

Multiple linear regression analysis was conducted to derive the independent effects of ACI versus MACI and hamstring versus BPB on the outcome scores while additionally controlling for the other measured determinants of outcome in the combined group
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The size of defect (*P* = 0.004) and patella site (*P* = 0.048) was found to significantly affect MC \[[Table 7](#T7){ref-type="table"}\], and using multiple linear regression analysis, the size of the defect (*P* = 0.038) was found to significantly affect the VAS in the combined group \[[Table 7](#T7){ref-type="table"}\].

In the No ACL group, the baseline characteristics of the twelve patients against the four with documented evidence of complete ACL rupture (complete rupture group) \[[Table 8](#T8){ref-type="table"}\]. On average, there was a much bigger change in BF, MC and VAS outcomes for the cases that did not have complete ACL ruptures, in comparison to those who had complete ACL ruptures. Independent *t*-tests confirmed a significant difference in the mean change in BF (*P* = 0.002), MC (*P* = 0.006) and VAS score (*P* = 0.012) by rupture status.

###### 

Baseline summary data table for no ACL group and complete rupture group
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

An ACL injury results in functional instability that can lead to osteoarthritis.[@ref10][@ref27][@ref28] ACI is contraindicated in those patients with instability from ACL injury, due to potential damage to the repair tissue from shearing forces and damage from abnormal biomechanical stresses across the knee joint.[@ref8][@ref29] ACL reconstruction should be performed if ACL rupture is clinically evident to provide stability followed by any osteochondral defect can be addressed.

In our series, the patients who underwent combined ACI with ACL reconstruction reported their outcome to be better in 72.73% and the same in 27.27%. The patients who were ACL deficient, but thought to be clinically stable and underwent ACI only reported the outcome to be worse in 50%. There were four patients in the ACL first group that felt their outcome was worse. This can be multifactorial. An explanation may be the number of previous surgeries performed; as these patients had the most procedures prior to referral to our institution.

The role of combined repair of osteochondral defects and ACL reconstruction has been reported using osteochondral autograft,[@ref9][@ref10][@ref30][@ref31][@ref32] autologous periosteum transplantation[@ref1] and ACI.[@ref12][@ref21] The use of osteochondral transfer and periosteum transplantation for the repair of osteochondral defects has raised concern regarding the long term stability of the repair tissue and its integration with surrounding articular cartilage.[@ref15][@ref31]

The use of ACI in osteochondral defect repair has produced encouraging clinical outcomes;[@ref18][@ref20][@ref21][@ref33] however, the use of a periosteum cover is associated with periosteal hypertrophy and donor site morbidity among after complications. The use of the MACI technique avoids these complications, as well as providing greater stability[@ref22][@ref34] and reduces operative time, as suturing of the membrane is not usually required. Good outcomes have been reported with the use of the MACI technique for osteochondral defect repair.[@ref22][@ref34][@ref35]

Peterson *et al*.[@ref21] demonstrated encouraging results with the use of ACI, with a periosteum cover, in combination with ACL reconstruction. Amin *et al*.,[@ref12] reported good to excellent results in eight patients in a nine patient series, using ACI-C or MACI, in combination with ACL reconstruction (both hamstring and bone-patellar tendon-bone autograft).

As separate procedures, ACL reconstruction and ACI are costly to health care providers as well as the patient, as they must undergo a long rehabilitation period with restriction in function.[@ref29] Thus the benefit of performing the procedures in combination applies to both the patient and health care provider. Further work is required to determine whether this procedure is effective in preventing osteoarthritis in the joint, as well as to define specific factors that impact on outcome and thus can be used to select ideal patients as well as predict outcome in the future.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

The similar outcomes of the combined and ACL first groups suggest that in specific indications the combined procedure will produce good to excellent outcomes with reduced cost and impact on the individuals. The poor outcome in the complete rupture group emphasize that ACL deficient knees, whether clinically stable or not, are a contraindication to osteochondral defect repair. The outcome of the remaining patients in the ACI only group suggest that it is safe to perform ACI in those patients with a clinically stable knee after partial ACL injury. The results have been encouraging in this study and demonstrate that ACI in combination with ACL reconstruction is a possible option in the management of the young and active patient who wishes to return to their preinjury activity level. The role of this procedure in acute ACL rupture requires further investigation.
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